Abstract Twenty microsatellite loci developed for the straw-colored fruit bat, Eidolon helvum, are described. These markers were used in multiplex PCRs to amplify genomic DNA from 142 individuals sampled from nine populations across Africa. Nineteen loci were polymorphic, with a mean number of alleles per locus of 16.2 (3-46). Observed and expected heterozygosity values ranged from 0.01 to 0.90 and 0.03 to 0.97, respectively. These markers will be used in combination with mitochondrial DNA sequences to investigate gene flow and the genetic metapopulation structure of E. helvum.
Technical note
The straw-colored fruit bat, Eidolon helvum (Order Chiroptera, Family Pteropodidae) is a gregarious, migratory, tree-roosting species, which forms very large seasonal colonies across sub-Saharan Africa (Funmilayo 1979; Mutere et al. 1980; Richter and Cumming 2006) , often near to large human populations (Accra, Kampala; Kingdon 1974; DeFrees and Wilson 1988) .
To date, the drivers, routes and patterns of migration in this species are unknown. Indeed, it is unclear whether E. helvum has a panmictic population structure across a continuous distribution that shifts according to seasonal resource availability, or whether a finer substructure and specific migration routes exist. As this species is a suspected reservoir for potentially-zoonotic viruses, data on its gene flow and metapopulation structure are urgently required for investigations into viral transmission dynamics within and between populations.
Here we describe a set of microsatellite markers that will be used in combination with mitochondrial DNA sequences to investigate the genetic metapopulation structure of E. helvum.
For library development, E. helvum muscle tissue samples were collected from dead bats in Ghana and stored in 70% ethanol. Genomic DNA was extracted using a standard phenol-chloroform method. Four genomic libraries, enriched for two dinucleotide motifs (CA, GA) and two tetranucleotide motifs (AAAC, TAGA), were prepared from pooled genomic DNA by Genetic Identification Services (GIS, Chatsworth, CA, USA). Libraries were constructed following Jones et al. (2002) . Primers were designed for 89 microsatellite loci using DesignerPCR 1.03 (Research Genetics, Inc.) , and a subset of these (n = 33) was selected for screening.
For genotyping, genomic DNA was extracted from wing membrane biopsies (4-mm) or liver samples from 142 adult bats from nine locations across continental Africa using DNeasy Blood and Tissue Kit (QIAGEN Ltd., Crawley, West Sussex, UK). Marker amplification was assessed in a subset of samples (n = 8) in 10 ll PCRs, containing 4 ng template DNA, 0.2 lM of each primer, and 5 ll 29 Type-it Table 1 Characterization of 20 microsatellite loci for the straw-colored fruit bat, Eidolon helvum Multiplex PCR Master Mix (QIAGEN Ltd.). Amplification was performed using the following conditions: 5 min at 94°C; 30 cycles of 30 s at 95°C, 90 s at 57°C, and 30 s at 72°C; then 30 s at 60°C. PCR products were initially checked by gel electrophoresis on 2% Agarose gels, run at 160 V for 60 min to ensure a single locus was amplified. Loci that did not consistently amplify, or amplified more than one band, were discarded. Primers that produced a clean product were selected and forward primers extended with an appropriate 5 0 19-mer to allow indirect end labeling using an M13, T7 or SP6 fluorescent labeled primer. Initially, 30 markers were assessed for polymorphism in a subset of samples (n = 24). Genotyping was performed by capillary electrophoresis using a Beckman CEQ 8000. Allele sizes were scored automatically prior to manual verification. Ten loci were discarded due to scoring difficulties (stuttering and ambiguous peaks). One locus (M) was monomorphic and was retained as an internal control. Remaining samples were run as multiplex PCRs and genotyped at 20 loci (Table 1 ). Genotyping error rates (calculated at the allelic level) were assessed by replicate extractions (1%), PCRs (20%), and allele scorings (10%), replicates by different users, and inclusion of positive and negative controls (Bonin et al. 2004) .
Observed and expected heterozygosity values were calculated and each locus was tested for evidence of departure from Hardy-Weinberg equilibrium (HWE) and for genotypic disequilibrium using FSTAT 2.9.3 (Goudet 1995) , with appropriate Bonferroni corrections for multiple testing. All loci were analyzed in MICRO-CHECKER 2.2.3 (van Oosterhout et al. 2004 ) to test for null alleles, stuttering and large allelic dropout as a cause of departure from HWE.
All 142 samples were scored at 20 microsatellite loci. The mean number of alleles per locus was 16.2 (3-46). Observed and expected heterozygosity values ranged from 0.01 to 0.90 and 0.03 to 0.97, respectively (Table 1) . Six loci showed heterozygote deficiencies resulting in significant deviation from HWE, four of which (F, S, Ac and Ae) showed deviation in one to two geographically separate populations, and two (B and Ad) in five to six populations. B was homozygous in 100% of known males (n = 41), and 16% (n = 6) of females, suggesting it was X-linked, whereas deviation in Ad appeared to be due to the presence of null alleles. Eight other loci (T, S, F, K, Ac, Ai, Ah and Ag) were flagged as having potential null alleles. Locus M was essentially invariant, with 97% of individuals homozygote for a single allele. No loci showed significant genotypic disequilibrium.
The overall genotyping error rate was 1.8%, comprising 0% extraction error, 2.5% amplification and scoring error, and 1.2% human error. Two loci (E and Ag) contributed substantially to the error rates, the former due to scoring difficulties (alleles 1 bp apart) and the latter due to allelic dropout. The remaining 18 loci gave a mean amplification and scoring error rate of 1.8%. Overall, 17 loci were identified which are in HWE and sufficiently polymorphic for ongoing studies to investigate gene flow and the genetic metapopulation structure of E. helvum.
